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(57) Abstract 



Apparatus for measuring the shape of a remote surface (10) 
comprises a laser (2) whose beam is split into a measuring beam (4) 
and reference beam (5). The reference beam is passed through a 
path length modulating means (13, 14) to a datum point (18) while 
the measuring beam (4) is passed to a point (9) on the remote sur- 
face. The reflected beams return along the same paths and are com- 
bined at (6). The interferometric pattern in the combined beam is 
analysed to determine the path length of the measuring beam while 
the transverse coordinates of the point (9) are determined from the 
position of beam directing means (12). This process is repeated for 
a number of points on the surface to measure the shape of the sur- 
face (10). 
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APPARATUS FOR THE MEASUREMENT OF SURFACE SHAPE 



This invention relates to a r, optical ir.terferometric 
method and apparatus for the non-contact ir.a measurement of 
the shape of a surface or structure. 

Interf erometric techniques for the measurement of 
surface shape are all based on an analysis of the 
interaction between a first or reference beam, normally 
contained within the housing of the measuring instrument, 
and a second or measuring beam which, after travelling from 
the measuring instrument to the test surface, is reflected 
back into the measuring instrument to interfere with the 
reference beam. In order to interfere, the first and second 
beams must be coherent; this can be arranged by using a 
beam splitter to derive both beams from a common source and 
ensuring that the difference in path length between the 
first and second beams does not exceed the coherence length 
of the source. The coherence length of the source is 
approximately equal to X^/AA, where X is the average 
wavelength of the source and AX is the spectral width. 
Lasers can provide an extremely intense source of light 
with a long coherence length and are ideally suited to 
m.er.er erne .ric measurements on reiuolt:, optically rough 
surfaces. Indeed, with an efficient optical system design 
based on a focused measuring beam, it is possible to make 
interf erometric measurements on natural engineering 
surfaces tens of metres distant from the measuring 
instrument with a measuring beam power of less than 1 mW. 
Laser systems limited to this power level enjoy the 
commercial advantage of being safe to use in an industrial 
laboratory with minimal disruption to normal working 
practices. The ease of manufacture and use of such systems 
is greatly enhanced if the laser beam is visible. 

The shape of a remote surface may be measured by 
aiming the focused measuring beam of a laser interferometer 
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at a matrix cf locations or. the surface. At 
■ d i r. 3 t s c f t h e icir.t c f r. easurerr.e r. t 
r ^ ^ c r =: e t ':"!-"- me?. ?unna bear, axi^ may De inferred from 

the oeam aixinc: r.echans:., while the distance alone the 
measuring beam may be derived interf erometrically . Known 
laser interf erometric methods appropriate for measuring the 
distance to an optimally rouqh surface make use of an 
optical frequency modulated source or a dual wavelength 
source; the round trip distance along the measuring beam 
is inferred from the measured frequency or phase of the 
inter ferometric modulation between the measuring beam and 
an internal reference beam derived from the same source. 
Whilst elegant in concept, such inter ferometric methods 
impose stringent requirements on the frequency stability of 
the laser source, the precision with which any necessary 
optical frequency modulation of the source can be 
implemented and the coherence length of the source, which 
must be at least as long as the maximum round trip path 
difference between the measuring beam and the internal 
reference beam. 

It is an object of the present invention to obviate or 
mitigate these technical difficulties by providing an 
interf erometric system based on the use of a short 
coherence length source without optical frequency 
modulation, the measuring accuracy of the system being 
independent of the frequency stability of the source. 

Accordingly, the present invention provides a method 
of measuring the shape of a remote surface relative to a 
fixed reference datum comprising splitting the beam from a 
short coherence length source into a measuring beam and a 
reference beam, aiming by suitably encoded aiming means the 
measuring beam at a first measurement point on the remote 
surface, providing a fixed datum for the reference beam 
whereby the static optical path length traversed by the 
reference beam is nominally the same as that traversed by 
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the measuring bear,, providing in addition a dynamic optical 
path ler.gtr. muu.l^—r with suitable encoder means capable 
z: varying accurately and r e pe t ; \ : v \ y -ho : n s t a - t a neous 
optical path length traversed by either the reference beam 
or the measuring beam over a dynamic range encompassing the 
path length variations encountered by the measuring beam as 
it is moved from point to point over the remote surface, 
collecting a portion of the measuring beam reflected back 
from the remote surface, recombining that portion of the 
measuring beam with the reference beam, detecting by 
suitable detector means the variation of interf erometric 
modulation between the measuring beam and the reference 
beam during the path length modulation cycle, determining 
from the detected variation of inter f erometric modulation 
the condition when the instantaneous path length of the 
reference beam is identical to the path length of the 
measuring beam at the first measurement point, inferring 
from the path length modulator encoder means the 
corresponding path difference between the first measurement 
point and the fixed reference datum, determining from the 
encoded measuring beam aiming means the coordinates of the 
first measurement point transverse to the measuring beam 
axis , moving the measuring beam to a second point and 
subsequent measurement points on the remote surface and 
repeating the above procedure to determine the path 
difference and transverse coordinates of the second and 
subsequent measurement points until the desired number of 
points have been measured on the remote surface. 

Preferably the short coherence length source is a 
laser source. The laser source may be a laser diode 
emitting visible radiation. Alternatively, the laser 
source may emit invisible radiation in which case a 
separate visual channel may be provided to indicate the 
instantaneous position of the measuring beam. The 
radiation from several independent sources may be 
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superimposed to syntnesise a composite source havmc the 
require: coherence ien-jth. 

Preferably the f ■ x ~ d da"j w for the r * - : e r e r. c e bear is 
established by aiming tne reference Dear at a reference 
reflector located alongside the remote surface. The 
reference beam may be switched between several fixed datum 
ref lec^nrq . the separation r>~ ^ we e n thp r»f ]prrnr<; be inn 
precisely known, in order to extend the dynamic working 
range of the system as otherwise limited by the optical 
path length modulator. 

The path length modulator may incorporate rotatina or 
reciprocating mechanisms to vary the path length traversed 
by the reference beam. The path length modulator encoder 
means may operate indirectly by measuring the mechanical 
movement of said rotating or reciprocating mechanisms, the 
path length variation being inferred therefrom, but 
preferably the path length modulator encoder means 
comprises an independent interferometer system based on a 
long coherence length laser source, arranged to traverse 
the optical path through the path length modulator, thereby 
encoding the path length variation directly. 

Any convenient two-beam interferometer system such as 
a Michelson or Mach-Zehnder interferometer may be used to 
split and recombine the measuring and reference beams. 
Preferably the interferometer system is arranged so that 
the outgoing measuring beam and the collected portion of 
that beam reflected back from the remote surface follow a 
common optical path, since this arrangement provides the 
maximum possible working depth of field. 

Preferably the measuring beam is expanded and focused 
onto the remote surface by suitable optical means to reduce 
the size of the measurement point on the surface while 
increasing the magnitude of the collected portion of the 
measuring beam reflected back from the surface. The 
measuring beam may be kept in optimum focus on the remote 
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surface by suitable automatic means, controlled from the 
~ a s ured path difference between tr.c- remote surface and t n e 
y e f e r e n c e datum, or from an independent r a n c e f i n d e r of 
adequate precision. 

The detector means to detect the inter ferometnc 
modulation may comprise a single detecting element, but 
preferably comprises a pair of elements configured in 
differential mode such that on subtraction of the signals 
from the individual elements a composite signal is obtained 
in which the inter ferometric modulation depth is enhanced 
while noise fluctuations due to instability of the source 
or other electrical interference are suppressed. The 
quality of the detected signals may be further improved by 
the use of tuned amplification or phase sensitive detection 
Techniques i iocK-in amplification), the necessary frequency 
or phase reference being derived from the path length 
modulator encoder means. 

For a proportion of the desired measurement points on 
the remote surface, laser speckle effects may result in the 
collected portion of the reflected measuring beam being 
insufficient for satisfactory operation of the inter- 
ferometric modulation detector means. For these measure- 
ment positions, the path difference measurement may be 
repeated following a small displacement of the measurement 
point effected via the beam aiming means. 

The coordinates of the measurement points derived by 
means of the method described in the present invention may 
be presented graphically as a perspective display or false 
colour display to enhance the visibility of specific 
surface features. Alternatively, the coordinates may be 
transferred to external data storage or data processing 
equipment for other purposes. The measured coordinates may 
be converted mathematically to corresponding coordinates in 
an alternative inertial frame of reference. 

The invention also extends to apparatus for carrying 
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cut the above method. 

Tne short coherence length source may be ar.v scarce c: 
u 1 1 r 3 v i o 1 e t , visible or infrared rarli?/:on but : ? 
preferably an efficient laser source of visible radiation 
such as a semiconductor diode laser emitting light in the 
wavelength range 500 to 670 nm, with a coherence length of 
100 m or less. Preferably the laser source emits 
polarised radiation, and the two beam interferometer is 
constructed using one or more polarisation-sensitive 
beamsplitters in conjunction with appropriate retardation 
plates to maximise the optical efficiency of the apparatus. 
A composite source having the desired coherence character- 
istics may be synthesised by using prisms or other 
wave length - se 1 ect ive or polarisation-selective beam 
combiners to superimpose the beams emitted by a plurality 
of individual sources. 

In a preferred arrangement a Michelson interferometer 
is used to split the collimated beam from a short coherence 
length source into a measuring beam and a reference beam, 
but any alternative two beam interferometer such as a Mach- 
Zehnder interferometer may be employed. 

Preferably the measuring beam is expanded prior to 
being focused by suitable lenses onto the remote surface. 
The focusing mechanism may be controlled automatically, 
using as a control input the distance along the measuring 
beam to the remote surface inferred from the most recent 
surface shape measurement or measurements. Alternatively, 
an independent ranging system of adequate precision may be 
employed to provide the necessary control input . 

The measuring beam aiming mechanism may comprise 
mechanical means of swivelling or tilting the entire 
interferometer assembly, but is preferably based on the use 
of one or more tilting mirrors to deflect the measuring 
beam through the required angle. In one arrangement a pair 
of mirrors mounted on tilting mechanisms with their 
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rotation axes mutually orthogonal are used to deflect t r. ~ 
measuring beam . In an alternative arrangement a sing.-_ 
mirror mounted on a two-axis c:^.:^ r • - c i r. i ? ~ : c u c e c to 
deflect the measuring beam. In either arrangement tne 
me c h a n i s m s may be motor i sed and the precise angle of 
deflection imposed on the measuring beam may be determined 
from angular encoders attached to the beam aiming means. 

The reference beam of the interferometer may be 
contained entirely within the main housing of the 
apparatus, but preferably emerges from the main housing t: 
be aimed at a datum reference reflector located alongside 
the remote surface. Such an arrangement provides a 
convenient means of achieving approximately equal path 
lengths along the measuring and reference beams together 
with an element of compensation for the effects of 
differential movement between the remote surface and the 
main apparatus during the measurement period. Preferably 
the reference reflector is a corner cube retroref lector and 
the reference beam is expanded and coiiimated at a diameter 
similar to that of the corner cube retroref lector . In an 
alternative arrangement the reference reflector comprises 
retroref iective sheet or paint such as 3M type 7610 sheet 
or 3M type 7210 paint. A plurality of datum reference 
reflectors may be positioned at known distances alongside 
the remote surface, the reference beam being aimed at 
different reflectors in a defined sequence in order to 
increase or reduce the reference beam path length by 
precisely known amounts so as to extend the dynamic working 
range of the measuring system which may otherwise be 
limited by the dynamic range of the optical path length 
modulator. The reference beam aiming means may be 
motorised and controlled automatically to move the 
reference beam between different datum reference reflectors 
if insufficient path length variation is available within 
the dynamic range of the path length modulator. 
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The path lenath modulator mav c - .- - - r .: ■• r *■-<-- =, 
length of transparent material, tn-- r -: f r a 1 : .'• inu~v 
length of which mav be caused tc vrv • - r = - ~ ~ = ^ - - 
applied electromagnetic, ultrasonic o: thermal i 1 1 d 

In a preferred arrangement, tne path length modulator 
incorporates a rotating or reciprocating mechanism to varv 
the path length traversed by either the reference ho=^ cr 
the measuring beam. The path length variation required of 
the path length modulator may vary depending on the 
measurement requirement, but might typically be in the 
region of 500 to 1000 mm. In one arrangement, a repetitiv 
path length variation is provided by a single reflector or 
retroref lector mounted on a reciprocating mechanism, tne 
mechanism being motorised by electrical, pneumatic or 
piezoelectric means. 

In a second arrangement, a repetitive path length 
variation is provided by a plurality of reflectors or 
retroref lectors mounted in groups on one or more 
reciprocating mechanisms, similarly motorised, the 
reference or measuring beam being folded by multiple 
reflections through the plurality of reflectors or retro- 
reflectors in order to achieve a more compact path length 
modulator . 

In a third arrangement, a repetitive path length 
variation is provided by a rotating beam scanner which 
scans the reference or measuring beam across a reflective 
or retroref lective surface disposed relative to the scanner 
in such a way that the path length from the scanner to the 
surface varies in a known manner during the rotation cycle 
of the scanner. 

The path length variation achieved using any of the 
above arrangements may be inferred from suitable encoder 
means attached to the relevant rotating or reciprocating 
mechanism. Alternatively, an independent laser inter- 
ferometer traversing the optical axis of the path length 
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modulator may be used to encode the path I e r. z t h v a r i a * i c "* 
directly. 

In order to increase the s r e e d :r the c " e r a ' 1 c v n a - - - 
range of path length modulation, the collected rorti or. c: 
the measuring beam may be shared between and recombined 
with a plurality of reference beams, each reference beam or 
share of the measuring beam being provided with its own 
path length modulator and inter ferometric modulation 
detector . 

The detector means to detect the interf erometr ic 
modulation between the reference bear, and the collected 
portion of the measuring beam may comprise a sinaie 
detecting element or a pair of elements as described 
previously. The detector means may comprise a photocell, 
photodiode, electron multiplier phototube, semiconductor, 
pyroelectric . thermal' or any other form of detector 
suitable for the type of radiation emitted by the source. 
The signals detected by the detector means may be amplified 
using tuned or lock-in amplification techniques as 
described previously, the necessary frequency or phase 
reference being derived from the path length modulator 
encoder means . 

A complete measuring apparatus according to the 
present invention may incorporate analogue or digital data 
storage, processing or display means to control the 
measurement sequence of the apparatus over an array of 
predetermined positions on a remote surface, store and if 
required process the measured coordinates of the 
predetermined points, control if required the use of a 
plurality of datum reference reflectors, a plurality of 
path length modulators or a plurality of displaced, 
repeated measurement points as described previously, 
display the measured coordinates graphically as a 
perspective or false colour image or transfer the measured 
data to external data storage, processing, display or 



WO 92/10719 




PCT/GB91/02175 



drawing equipment for otner purposes. 

A preferred em.bou : m.- r. t c: th*: : r. r..:* 
described by way c f e x m p I e w:tr. r e : e r e n c *:• t z t h - 
accompanying drawings, in which: 

Figure 1 is a schematic diagram cf the optical system 
of an embodiment of the invention, and 

Figure 2 is a schematic diagram of the i n t e r £ e r omet r i c 
modulation between the measuring beam and the reference 
beam during a measurement cycle of the embodiment of the 
invention shown in Figure 1. 

The embodiment of the invention shown m Fig. 1 is 
based on a Michelsor. interferometer in which the beam 1 
from a short coherence length laser diode 2 emitting 
visible radiation of wavelength is shaped and collimated 
by beam shaping optics 3 prior to being divided into a 
measuring beam 4 and a reference beam 5 by a beamsplitter 
6. Beamsplitter 6 may be a polarising beamsplitter, in 
which case retardation plates 7 and 8 may be included to 
increase the efficiency with which the reference and 
measuring beams may be recombined. The measuring beam 4 is 
expanded and focused to a point 9 on a remote surface 10 by 
means of expansion and focusing optics 11. The position of 
point 9 on surface 10 may be varied by beam aiming means 
comprising a plane mirror 12 mounted on a servo-controlled 
and encoded galvanometer movement mechanism (not shown) to 
permit precisely controlled rotation of the measuring beam 
about a first axis. A second, similarly controlled mirror 
(not shown) intercepting the measuring beam before or after 
mirror 12 and rotating about a second axis orthogonal to 
the first axis may be used in conjunction with mirror 12 to 
move point 9 to any position on surface 10 within defined 
angular limits. Following reflection at point 9 a portion 
of the measuring beam is reflected back along its outgoing 
path to return to the beamsplitter 6. 

The reference beam 5 passes through two arrays of 
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retrof lective prisms 13 arid 14 Def ere oeir.z exrandt-d and 
colligated by beam x ; :± : ■. r i. c r. a n d c c 1 1 l rr a c r; : ; :s 1 i A 

fold mirror 16 and beam. -:n\: :~ are jsed tc aim. 

the reference beam at one c r mere r e m. c t e r t r r_ r ~ : i c t i v ^ 
prisms 18, Following reflection at retroreflective c r i s m 
18, the reference beam retraces its path back to the 
beamsplitter 6. 

Following recombination at beamsplitter 6, the 
combined measuring and reference beams are divided by 
beamsplitter 19 between two phot odetectors 20 and 21 in 
such a way that the inter ferometnc modulation between the 
me asuring and reference beams is in antiphase on the two 
detectors, while other spurious noise fluctuations or 
electrical interference remain in phase on the two 

A 

Each of the arrays 13 and 14 of ret rore f lect i ve prisms 
is mounted on a suitable mechanism (not shown) to provide 
reciprocating lateral motion in the direction indicated by 
the double headed arrows . The motion is arranged to be in 
antiphase, so that the individual arrays move towards or 
away from each other. In a preferred arrangement, each 
array is mounted on an arm attached to the moving spindle 

arrangement, each array is mounted on a motorised, 
reciprocating linear movement mechanism. 

When the separation of the arrays 13 and 14 changes, 
the path length traversed by the reference beam also 
changes. The path length variation may be determined from 
the mechanical movement of the arrays as measured by 
suitable encoder means attached to the movement mechanisms. 
The path length variation is a multiple of the mechanical 
movement of the arrays according to the number of 
individual retroref lect i ve prisms used in the arrays. 
Preferably, the path length variation is measured directly 
by a second, independent laser interferometer 22 
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incorporating a long coherence length source of wavele 



means of dichroic beamsplitters 24 and 25 to follow a 
common path through the arrays 13 and 14 of ret roref lect i ve 
prisms. If the apertures of the individual elements of 
arrays 13 and 14 are sufficiently wide, beam 23 may be 
arranged to traverse the arrays alongside the reference 
beam 5, in which case beamsplitters 24 and 25 are not 
required. Re t rore f lect i ve prism 26 returns beam 23 back 
through arrays 13 and 14 to interferometer 22. 

In order to measure the shape of the remote surface 
10, point 9 is positioned at a first measurement position 
using beam aiming means 12, the corresponding angular 
deflection coordinates of the beam being stored. 
Retroref lective prism 18 is positioned alongside surface 
10, within the field of view of the reference beam steering 
means, and at a suitable distance from the main apparatus 
to render the overall path lengths of the measuring and 
reference beams approximately the same when the reference 
beam is centred on prism 18. 

Figure 2 shows the int er f erometr ic modulation between 
the measuring beam and the reference beam, as indicated by 
the difference 30 between the signals from detectors 20 and 
21, during one cycle of movement of the arrays 13 and 14 
forming the optical path length modulator. The 
interf erometric modulation is distinguishable from 
background noise fluctuations over a path length variation 
33, the extent of this variation being determined by the 
coherence length of the beam 1 from laser source 2. The 
pattern of variation of the strength of the int erf erometric 
modulation is generally symmetrical, rising to a peak value 
at a particular path length 34 when the path lengths of the 
measuring beam and the reference beam are equal. Suitable 
signal processing methods may be used to sense the 



a ^ . The measuring beam 2 't of : 
superimposed with the reference 



interferometer 2z is 



beam 5 
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cond ; t : or, z f pe 3 k inter: erometric modulation; under this 
condition d ■? t e r n. i n a t i o n c : t n e reference c e an pat n 1 e n ^ t h 
: r ct t h v c rt i e a : path len^tn roajlator - — ode r rears in 
corns: n a 1 1 c n w 1 1 n t n e Knew r static pat n 1 e n q t n to 
retroref lector 18 is equivalent to measuring the optical 
path length of the measuring beam, thereby providing the 
additional coordinate necessary to fix the measured 
position of point 9. 

Suitable signal processing methods are in themselves 
well known and include means to sense the central peak of 
the interference oattern 30 in real time. The interference 
signal is rectified and smoothed electronically to derive 
the modulation envelope of pattern 30; this envelope is 
then passed through a combination of threshold detectors at 
different levels together with a differentiating circuit 
to ident i f y the central peak value . However , real t ime 
systems of this type face practical difficulties associated 
with large variations in the overall magnitude of 
interference signal s obtained from different test surfaces 
10 at different distances. Furthermore , interference 
pattern 30 is likely in practice to be of more complex 
shape, although retaining a central peak of greater 
amplitude tnan any subsidiary peaks. 

Hence, in a preferred arrangement, the difference 
signal 30 , or the modulation envelope of this signal, 
extending beyond preset limits 31 and 32, is digitised and 
stored as a function of the path difference determined from 
the output of laser interferometer 2 2 . The pattern of 
variation of signal 30 thus stored is then processed 
digitally to locate the value of path difference corres- 
ponding with the centre of symmetry of the pattern. 

Point 9 is then moved to a second and subsequent 
measurement positions using beam aiming means 12 and the 
above procedure repeated without movi ng prism 18, until the 
desired number of points on the remote surface have been 
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measured. Tne coordinates thus measured may be converted 

t .nem.at i ca I 1 y to their eq - i va 1 e r. t values in an alternativ 
coord ; n a t e s v s t v ~ s 'j c h as an X V Z C a r t e s i a n e v s t e ~ w ■ *~ n a 
defined I axis direction. Tne mathematical conversion may 
take account of distortions or non-linearities in tne beam 
aiming means used in the apparatus. One or more of the 
measurement positions may be calibration positions used to 
complete or confirm the accuracy of the mathematical 
conversion. The true coordinates of these calibration 
positions in the desired coordinate system must be known 
precisely using independent means. 
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CLAIMS : 

A method cf ^oasu::n: the sr.aro of a remote 
surface relative to a fixed reference datum comprising 
providing a coherent radiation beam, splitting the beam 
into a measuring beam and a reference beam, directing the 
measuring beam at a first measurement point on the remote 
surface, providing a fixed datum for the reference beam 
whereby the static optical path length traversed by the 
reference beam is nominally the same as that traversed by 
the measuring beam, modulating accurately and repetitively 
the instantaneous optical path length traversed by either 
the reference beam or the measuring beam over a dynamic 
range, collecting a portion of the measuring beam reflected 
back from the remote surface, collecting a portion of the 
reference beam reflected back from the datum point, 
recombining the portion of the measuring beam and the 
reference beam, detecting the variation of inter f erometric 
modulation between the measuring beam and the reference 
beam during the path length modulation cycle, determining 
from the detected variation of inter f erometric modulation 
the condition when the instantaneous path length of the 
reference beam is identical to the path length of the 
measuring beam at the first measurement point, determining 
the corresponding path difference between the first 
measurement point and the fixed reference datum, 
determining the coordinates of the first measurement point 
transverse to the measuring beam axis, moving the measuring 
beam to a second and subsequent measurement points on the 
remote surface and repeating the above procedure for each 
point to determine the path difference and transverse 
coordinates of the second and subsequent measurement points 
until the desired number of points have been measured on 
the remote surface. 

2. A method as claimed in claim 1, in which the 
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coherent radiation bpair nro^i^o^ k,. ,-v.„- „■ 

---- — r — - - - ~ _ ^ ^ j cj onwiL tuut i ence 

length laser. 

A method as claimed m ciair I or claim' 2, it 
which the radiation is invisible, the method including 
providing a separate visual channel to indicate the 
position of the measuring beam. 

4 . A me thnH a q r- 1 a -> mo ^ i ^ ^ 

■ — — **j ^^cuiny cj.aj.in, in 

which a plurality of fixed datum points are provided for 
the reference beam, the separation between the datum points 
being known, the method including switching between said 
datum points . 

5. Apparatus for measuring the shape of a remote 
surface comprising a source of coherent radiation, means 
for splitting a beam from said source into a measuring beam 
and a reference beam, means for directing the measuring 
beam onto a measurement point on a remote surface, a fixed 
datum for the reference beam, the static optical path 
length traversed by the reference beam being nominally the 
same as that traversed by the measuring beam, a dynamic 
optical path length modulator for varying the instantaneous 
optical path length of either the reference beam or the 
measuring beam over a dynamic range, means for collecting a 
portion of the measuring beam reflected from the 
measurement point, means for collecting a portion of the 
reference beam reflected from the datum, means for 
recombining the reflected portions of the beams, detector 
means for detecting the variation of interf erometric 
modulation between the measuring beam and the reference 
beam during a path length modulation cycle, means for 
determining from the detected variation of inter f erometric 
modulation the condition in which the instantaneous path 
length of the reference beam is identical to the 
instantaneous path length of the measuring beam at the 
measurement point, means for determining the corresponding 
path difference between the measurement point and the 



WO 92/10719 





PCT/GB91/02175 



- 17 - 



datum., and means associated with the beam directive means 



trar.'verse to the measuring beam axis. 

6. Apparatus as claimed in claim 5 , in vnicn me 
source of coherent radiation is a short coherence length 
laser . 

7. Apparatus as claimed in claim 5 or claim 6, in 
which the fixed datum is a reflector. 

8. Apparatus as claimed in any of claims 5 to 7, in 
which the path length modulator includes a mechanism for 
varying the path length traversed by the reference beam. 

9. Apparatus as claimed in claim 8, in which said 
means for determining the corresponding path difference 
comprises an interferometer system having a lena coherence 
length laser source, the beam from which traverses the 
optical path through the path length modulator to measure 
directly the path length variation. 

10. Apparatus as claimed in any of claims 5 to 9, in 
which said detector means comprises a pair of detectors 
connected in differential mode such that on subtraction of 
the signals from the detectors a composite signal of 
improved quality is obtained. 



for determining the coordinates 



m e a s u r e m e n t 
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